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NTMD-TU%NEL DEVELOPWNT OF AILBXOMS FOB 
THE CURTIS6 X?-60 AIIiPLANE 
. .  By F. M .  Roga l lo  and John G.  Lowry 
An i n v e s t i g a t i o n  was nade i n  t h e  LWAL 7- by 10-foot 
t unne l  of i n t e r n a l l y  ba lanced ,  s e a l e d  a i l e r o n s  f o r  t h e  
C u r t i s s  XP-60 a i r p l a n e .  A i l e rons  wi th  t a b s  and. with v a r i -  
ous amounts of ba lance  were t e s t e d .  S t i c k  f o r c e s  were 
est imat8ed f o r  s e v e r a l  a i l e r o n  arrazgement s i n c l u d i n g  an 
arrangement recommended f o r  t h e  a i r p l a n e .  F l i g h t  t e s t s  
of t h e  recommended arrangement a r e  d i s cus sed  b r i e f l y  i n  
an appendix,  The r e s u l t s  of t h e  wind-tunnel and f l i g h t  
t e s t s  i n d i c a t e  t h a t  t h e  a i l e r o n s  of l a r g e  o r  f a s t  a i r -  
p l anes  may be s a t i s f a c t o r i l y  ba lanced  by t h e  method de- 
veloped.  
INTBOSUCT 1017 
In connect ion wi th  t h e  development of a i l e r o n s  f o r  t h e  
C u r t i s s  XP-60 a i r p l a n e ,  t e s t s  were made i n  t h e  MACA 7- by 
LO-foot t u n n e l  of t h e  l e f t  wing p a n e l  of t h e  0.36-scale 
model of t h e  a i r p l a n e .  The t e s t s  were under taken  i n  o rder  
t o  de te rmine  what a i l e r o n  m o d i f i c a t i o n s  would be  neces sa ry  
on t h e  o r i g i n a l  a i r p l a n e  i n  order  t o  reduce t h e  s t i c k  f o r c e  
t o  an a c c e p t a b l e  va lue .  For comparative purposes ,  t e s t s  
were made of an a i l e r o n  s i n i l a r  t o  t h e  a i l e r o n  of  t h e  orig-  
i n a l  a i r p l a n e .  Comparable d a t a  on t h e  c h a r a c t e r i s t i c s  of 
t h i s  a i l e r o n  were a v a i l a b l e  from unpubl ished t e s t s  of t h e  
complete model i n  t h e  19-foot p r e s s u r e  t u n n e l  and from un- 
publ i shed  f l i g h t  t e s t s  of t h e  f u l l - s c a l e  a i r p l a n e .  Modi- 
f i c a t i o n s  made on t h e  a i l e r o n  i n  t h e  wind t u n n e l  were such 
a s  could be made e a s i l y  on t h e  a i r p l a n e .  T e s t s  were nade 
with t h r e e  d i f f e r e n t  hinge--axis l o c a t i o n s  t o  determine t h e  
e f f e c t  of va ry ing  t h e  a i l e r o n  chord and ba l ance  without 
va ry ing  t h e  over-al l  dimensions of the a i l e r o n  inc lud ing  
balance.  T e s t s  were a l s o  mads of one a i l e ~ o n  extended t o  
t h e  wing t i p ,  Tab c h a r a c t e r i s t i c s  were d e t e r n i n e d  on two 
o f  t h e  a i l e r o n  ar rangements .  Ai le ron-con t ro l  c h a r a c t e r i s -  
t i c s  f o r  t h e  XP-60 a i r p l a n e  equipped wi th  s e v e r a l  a r range-  
ments of t h e  a i l e r o n  e x t e n d i n g  t o  t h e  wen$ t i p  were e s t i -  
mated from t h e  t e s t  r e s u l t s  and a r e  p r e s e n t e d  i n  g r a p h i c a l  
form. One of t h e s e  ar rangements  h a s  s i n c e  been f l i g h t  
t e s t e d .  ( S e e  t h e  append ix  and r e f e r e n c e  1,) 
The t e s t s  r e p o r t e d  h e r e i n  were completed i n  November 
1941 and t h e  r e s u l t s  were t h e n  s u b m i t t e d  t o  t h e  W a t e r i e l  
O i v i s i o n ,  Army A i r  Corps ,  i n  t h e  form of a c o n f i d e n t i a l  
memorandum r e p o r t .  
APPARATUS ABD METHODS 
The t e s t  set-up i s  shown s c h e m a t i c a l l y  i n  f i g u r e  1 
and i n  t h e  pho tographs  of f i g u r e  2. A semispan wing w a s  
suspended i n  t h e  7- by 10-foot t u a n e l  ( r e f e r e n c e  2 )  w i t h  
t h e  r o o t  chord  a d j a c e n t  t o  one of t h e  v e r $ i c a l  w a l l s  of 
t h e  t u n n e l ,  t h e  t u n n e l  w a l l  t h e r e b y  s e r v i n g  as a  r e f l e c -  
t i o n  p l a n e .  The f l o w  over  a semispan i n  t h i s  set-up i s  
e s s e n t i a l l y  t h e  same as i t  would be  over  a  complete wing 
' i n  a 7- by 20--foot t u n n e l ,  Although a v e r y  s m a l l  c l ea r -  
ance  was m a i n t a i n e d  between t h e  r o o t  chord of t h e  wing 
and t h e  t u n n e l  w a l l ,  no p a r t  of t h e  wing was f a s t e n e d  t o  
o r  i n  c o n t a c t  wi th  t h e  t u n n e l  w a l l .  S i n c e  t h e  wing p a n e l  
w a s  suspended e n t i r e l y  f r o n  t h e  r e g u l a r  b a l a n c e  f rame,  a s  
shown i n  f i g u r e  1, a l l  of t h e  f o r c e s  and moments a c t i n g  
upon i t  might  be de te rmined ,  P r o v i s i o n  was made f o r  
changing t h e  a n g l e  o f  a t t a c k  w h i l e  t h e  t u n n e l  was i n  
o p e r a t  i o n ,  
The a i l e r o n s  were O e f l e c t e d  by neans  of a  c a l i b r a t e d  
t o r q u e  r o d  c o n n e c t i n g  t h e  ou tboard  end of t h e  a i l e r o n  w i t h  
a  c rank  o u t s i d e  t h e  t u n n e l  w a l l .  The h i n g e  momentis were 
de te rmined  from t h e  t w i s t  of t h e  r o d .  ( S e e  f i g s .  1, 2 ( c ) ,  
and 2(d).) 
When t h e  l i f t  and d r a g  of t h e  wing were de te rmined ,  
t h e  a i l e r o n s  were Locked i n  t h e  n e u t r a l  p o s i t i o n ,  For 
a i l e r o n  t e s t s  t h e  a n g l e  of a t t a c k  w$s  m a i n t a i n e d  c o n s t a n t  
a t  each of s e v e r a l  p rede te rmined  v a l u e s  of l i f t  coeff  i- 
c i e n t ,  w h i l e  t h e  a i l e r o n  was d e f l e c t e d  t h r o u g h i i t s  com-' 
p l e t e  r a n g e .  R o l l i n g  and yawing moments due t o  d e f l e c t i o n  a 
of t h e  a i l e r o n  were coaputed  a s  t h e  d i f f e r e n c e  between t h e  
r e s p e c t i v e  moments of t h e  semispan about  t h e  p l a n e  of sym- 
metry  w i t h  a i l e r o n  n e u t r a l  and w i t h  a i l e r o n  d e f l e c t e d .  2 
The models a r e  shown i n  f i g u r e s  2 and 3, a n d  some . of t h e i r  g e o m e t r i c  c h a r a c t e r i s t i c s  a r e  g i v e n  as f o l l o w s :  
Wing ( c o a g l  e t e ) :  , . 
'L Area,  s q u a r e  f e e t  . . . . . . . . . . . . . . .  35.69 
Span, f e e t  . . . . . . . . . . . . . . . . . .  14.95 . . . . . . . . . . . . . . . . .  Aspect  r a t i o  6.23 
Taper r a t i o  . . . . . . . . . . . . . . . . . .  3 : l  
Root s e c t i o n  . . . . . . . . . . . . .  %AGA 66,2-118 . . . . . . . . . . . . .  Tip s e c t i o n  MAOA 66,2x-116 
Ai le ron :  
Ba lance  Span Boot-mean-squar e  
( p e r  c e n t )  ( f t )  chord'  ' 





t o  wing t i p  
A i l e r o n  t a b  ( o n e  a i l e r o n ) :  
A i l e r o n  
b a l a n c e  Tab des ig-  Tab span Tab chord 
( p e r  c e n t )  n a t i o n  ( f t )  ( p e r c e n t  c,) 
68.8 F 'u l l  span  3.06 25 
68.8 Outboard 1 .53  2  6 
56.3 ex- Out board  1.85 26 
t e n d e d  t o  
t i p  
The ou tboard  p o r t i o n  of t h e  wing p a n e l  was one of 
t h o s e  t e s t e d  on t h e  complete model i n  t h e  19-foot pres-  
s u r e  t u n n e l .  The i n b o a r d  p o p t i o n  of t h e  wing p a n e l  was 
e s p e c i a l l y  c o n s t r u c t e d  fox  t h e  t e s t s  i n  t h e  7- by 10--foot 
t u n n e l .  The change i n  d i h e d r a l  between t h e  i n b o a r d  and 
ou tboard  p o r t i o n s  of t h e  wing p a n e l s  of t h e  complete model 
was no t  r ep roduced  i n  t h e  semispan model. ( S e e  f i g .  3 . )  
The a i l e r o n s  t e s t e d  had t h r e e  d i f f e r e n t  amounts of b a l a n c e ,  
a s  shown i n  f i g u r e  4. The baksnce ,  or  overhang,  w a s  meas- 
u r e d  from t h e  h i n g e  l i n e  of t h e  a i l e r o n  t o  t h e  c e n t e r  of 
t h e  s e a l ;  t h e  a i l e r o n  chord was measured from t h e  h i n g e  
l i n e  t o  t h e  t r a i l i n g  edge of t h e  a i l e r o n .  The a i l e r o n s  of 
36.75-inch span ,  wi th  each  of t h e  t h r e e  a n o u n t s  of ba lance ,  
were t e s t e d  on t h e  wing with t h e  turned-up t i p .  ( S e e  f t g s .  
2 ( a ) ,  2 ( b ) ,  and 3 . )  The a i l e r o n  t h a t  extended t o  t h e  wing 
t i p  was t e s t e d  w i t h  t h e  s y n n e t r i c a l  wing t i p .  ( S e e  f i g s .  
2 ( c ) ,  2(d) ,  and 3 . )  Tabs of 0.26 a i l e r o n  chord  were b u i l t  
i n t o  t h e  t r a i l i n g  edges  of t h e  nedium- and large--balance 
a i l e r o n s .  The t a b  on t h e  l a rge -ba lance  a i l e r o n  w a s  f u l l  
span b u t  was d i v i d e d  a t  t h e  c e n t e r  of t h e  a f l e r o n  span t o  
pe rmi t  t e s t s  of t h e  ou tboard  p o r t i o n  only.  The t a b  on 
t h e  medium-balance a i l e r o n  was u s e d  on ly  i n  t h e  t e s t s  o f  
t h e  a i l e r o n  t h a t  ex tended  t o  t h e  wing t i p .  The t a b  was 
l o c a t e d  ou tboard  of t h e  midssan p o i n t  of t h e  o r i g i n a l  
a i l e r o n ,  a s  shown i n  f i g u r e  4. 
A l l  t e s t s  were made a t  a dynamic p r e s s u r e  of 16.37 
pounds p e r  s q u a r e  f o o t ,  which cor responds  t o  a  v e l o c i t y  
of about  80  m i l e s  p e r  hour and t o  a t e s t  Reynolds  number 
of about  1 ,900,000,  based on t h e  mean aerodynamic chord 
of 31.32 i n c h e s .  The c o r r e s p o n d i n g  e f f e c t i v e  Beynolds 
number was about  3 ,000,000 because  of t h e  t u r b u l e n c e  fac-  
t o r  of 1 .6  f o r  t h e  7- by 1C-foot t u n n e l .  The e f f e c t s  on 
h i n g e  moment of t h e  low s c a l e ,  low v e l o c i t y ,  and high  
t u r b u l e n c e  of t h e  t e s t  c o n d i t i o n s  r e l a t i v e  t o  f l i g h t  con- 
d i t i o n s  were n o t  de te rmined  or e s t i m a t e d ,  
RESULTS AND D IS CUSS I O N  
a C o e f f i c i e n t s  and C o r r e c t i o n s  
The t e s t  r e s u l t s  a r e  p r e s e n t e d  i n  f i g u r e s  5 t o  1 5 ,  
and t h e  a i l e r o n - c o n t r o l  c h a r a c t e r i s t i c s  of t h e  a i r p l a n e  
equipped w i t h  t h e  ex tended  t i p  a i l e r o n ,  as computed from 
t h e  t e s t  r e s u l t s ,  a r e  p r e s e n t e d  i n  f i g u r e  1 5 ,  
The symbols used  i n  t h e  p r e s e n t a t i o n  of r e s u l t s  a r e :  
'%I l i f t  c o e f f i c i e n t  ( L / ~ S )  
increment  of l i f t  due t o  wing a l o n e  
bCzp increment  of l i f t  due t o  f l a p  (CL = A C z W  + bCzp 
OD u n c o r r e c t e d  d r a g  c o e f f i c i e n t  ( D / ~ s )  
C z t  rolling-moment c o e f f i c i e n t  ( L '  /qbS) 
Cn '  yawing-moment c o e f f i c i e n t  (N' / q b ~ )  
c!, a i l e r o n  hinge-moment c o e f f i c i e n t  ( ~ ~ / ~ b ~  zaa ) 
c wing chord 
C a a i l e r o n  chord  measured a l o n g  a i r f o i l  chord  l i n e  from 
h i n g e  a x i s  of a i l e r o n  t o  t r a f l i n g  edge of a i l e r o n  
- 
c  a root-mean-square chord of a i l e r o n  
b . t w i c e  span of semispan model 
a i l e r o n  span 
t w i c e  ar6A of semispan model 
t w i c e  l i f t  on semispan model 
t w i c e  d r a g  on semispan model 
r o l l i n g  moment, due t o  a i l e r o n  d e f l e c t i o n ,  about  
wind a x i s  i n  p l a n e  of symmetry 
v e l o c i t y ,  f e e t  pe r  second 
yawing noment , due t o  a i l e r o n  d e f l e c t i o n ,  about  
wind a x i s  i n  p l a n e  of symmetry 
a f  l e r o n  h i n g e  moment 
($ p ~ 2 )  u n c o r r e c t e d  dynamic p r e s s u r e  of air s t r e a m  , 
f o r  b l o c k i n g  
a n g l e  o f  a t t a c k  
a i l e r o n  d e f l e c t  i o n  r e l a t i v e  t o  wing, p o s i t i v e  when 
t r a i l i n g  edge i s  down 
6t  t a b  d e f l e c t i o n  r e l a t i v e  t o  a i l e r o n ,  p o s i t i v e  when 
t r a s l i n g  edge i s  down 
Bf f l a p  d e f l e c t i o n  r e l a t i v e  t o  wing, p o s i t i v e  when 
t r a i l i n g  eclge i s  down 
C 
t~ 
r a t e  o f  change of ro l l ing-nonen t  coe f f  i c i e n t  C z t  
w i t h  h e l i x  a n g l e  pb/2V 
P r a t e  of . r o l l  
F s s t i c k  f o r c e  
T s  s t i c k  t r a v e l  
h 
A p o s i t i v e  va.lue of Ji' or  GI' ' corresponds  t o  an  
i n c r e a s e  i n  l i f t  of t h e  model, and a  p o s i t i v e  v a l u e  of Z t  
o r  Cn'  corresponds  t o  a  dec rease  i n  d rag  of t h e  model. 
Twice t h e  a c t u a l  l i f t ,  d rag ,  a r e a ,  and span of t h e  model 
were used i n  t h e  r e d u c t i o n  of t h e  r e s u l t s  because  t h e  model 
r e p r e s e n t e d  h a l f  of a complete wing. The drqg  coef f ic ie lz t  
and t h e  a n g l e  o f  a t t a c k  have been c o r r e c t e d  i n  accordance 
with t h e  t heo ry  of t r a i l i n g - v o r t  ex  images. Corresponding 
c o r r e c t f  ons f o r  t h e  r o l l i n g -  and yawfnemoment c o e f f i c i e n t s ,  
which have been d e r i v e d  but not  a p p l i e d ,  a r e  
These c o r r e c t i o n s  may be added t o  %he unco r r ec t ed  coeff i- 
c j e n t s .  No c o r r e c t i o n s  have been app l i ed  t o  t h e  hinge- 
moment c o e f f i c i e n t s  and no c o r r e c t i o n s  have Seen a p p l i e d  
t o  any o f  t h e  r e s u l t s  f o r  t h e  e f f e c t s  o f  t h e  suppor t  s t r u t  
o r  t h e  t r ea tmen t  of t h e  inboard end of t h e  wing; t h a t  i s ,  
f o r  t h e  smal l  gap between t h e  wing and t h e  w a l l ,  t h e  leak- 
age through t h e  w a l l  around t h e  suppor t  t u b e ,  and t h e  
boundary Layer at t h e  w a l l .  B b lanke t  c o r r e c t i o n  f o r  t h e  
r o l l i n g  v e l o c i t i e s  t o  c o r r e c t  f o r  d i f f e r e n c e s  between t h e  
wind-tunnel cond i t i ons  and f l i g h t  w i l l  be d i s c u s s e d  l a t e r  . 
L i f t  and Drag ' 
L i f t  an& d rag  c o e f f i c i e n t s  of t h e  wing wi th  and with- 
out a par t i a l - - span  s p l i t  f l a p  a r e  g iven  i n  f i g u r e  5. 
These d a t a  were ob t a ined  with t h e  a i l e r o n  t o r q u e  rod re- 
noved and t h e  a i l e r o n  locked i n  t h e  n e u t r a l  p o s i t i o n .  The 
f l a p - n e u t r a l  curves were ob ta ined  wi th  t h e  arrangement in- 
c o r p o r a t i n g  t h e  short-balance a i l e r o n  and turned-up wing 
t i p ;  whereas t h e  f l a p - d e f l e c t  ed curves  were ob ta ined  a f t e r  
t h e  i n s t a l l a t i o n  of t h e  symmetrical  wing t i p  and a i l e r o n  
extending t o  t h e  t i p .  The s l o p e s  of t h e  l i f t  curves  of 
f i g u r e  5 a r e  about 7 pe rcen t  l e s s  t han  t h e  corresponding 
s lopes  ob t a ined  i n  t h e  19-foot p r e s s u r e  t u n n e l  a t  about 
t h e  same Reynolds number, pro'uably because o f  d i f f e r e n c e s  
In  t h e  t w o  set-ups. 2he maximum l i f t  c o e f f i c i e n t s ,  how- 
eve r ,  a r e  i n  fa i r  agreement. 
A i l e r o n  w i t h  0 . 4 3 8 ~ ~  Balance  
The c h a r a c t e r i s t i c s  of t h e  a i l e r o n  w i t b  0 . 4 3 8 ~ ~  bal- 
a n c e  a r e  p r e s e n t e d  i n  f i g u r e s  6  t o  8. Comparison of an- 
c o r r e c t e d  d a t a  f r o n  t h e  ?-- by 10-foot Cunnel w i t h  t h a t  
from t h e  19-foot p r e s s u r e  t u n n e l  ( f i g .  6 )  sho.ujs f a i r  agree-  
n e n t .  The r e s u l t s  of t h e  19-foot p r e s s u r e  t u n n e l  t e s t s  
were c o r r e c t e d  f o r  model asymmetry i n  t h i s  f i g u r e .  The 
a i l e r o n  b a l a n c e  was n o t  s e a l e d  a t  t h e  ends o f  t h e  a i l e r o n  
i n  e i t h e r  t u n n e l  when t h e  d a t a  .of f i g u r e  6  were obBained. 
The e f f e c t  of l e a k s  on t h e  r o l l i n g -  and hinge-moment coef- 
f i c i e n t s  i s  shown i n  f i g u r e  7 ,  and t h e  d a t a  of f i g u r e  8 
were o b t a i n e d  wi th  t h e  b a l a n c e  s e a l e d  a l o n g  t h e  e n t i r e  
span and a t  t h e  ends .  The d a t a  of f i g u r e  8 a r e  though t  t o  
be  comparable wi th  t h e  unpub l i shed  f l i g h t - t e s t  r e s u l t s .  
A i l e r o n  w i t h  0.5636, Balance  
The c h a r a c t e r i s t i c s  of t h e  a i l e r o n  -wi th  0 . 5 6 3 ~ ~  bal-  
ance  ( b a  = 36.75 i n . )  a r e  p r e s e n t e d  i n  f i g u r e  9 .  Com- 
p a r i s o n  of t h e s e  r e s u l t s  w i t h  t h o s e  of f i g u r e  8  shows 
t h a t  t h e  hinge-moment c o e f f i c i e n t s  have  been g r e a t l y  re-  
duced and,  as would be  e x p e c t e d ,  t h e r e  h a s  been a  s m a l l  
l o s s  i n  rolling-moment c o e f f i c i e n t  due t o  t h e  r e d u c t i o n  of 
a i x e r o n  chord. 
A i l e r o n  w i t h  0 . 6 8 8 ~ ~  Balance  
The a i l e r o n  w i t h  0 . 6 8 8 ~ ~  b a l a n c e  was t e s t e d  th rough  
a  wide r a n g e  of a n g l e s  of a t t a c k  w i t h  t h e  t a b  n e u t r a l  
( f i g .  10) and t e s t s  were a l s o  made a t  two l i f t  c o e f f i -  
c i e n t s  w i t h  a fu l l - a i l e ron-span  t a b  d e f l e c t e d  v a r i o u s  
amounts ( f i g .  1 1 ) .  Tt?to t e s t s  were made w i t h  on ly  t h e  out- 
board h a l f  of t h e  t a b  d e f l e c t e d  ( f i g .  12). 
The r e s u l t s  i n d i c a t e  'Chat a  c o n s i d e r a b l e  i n c r e a s e  i n  
rolling-moment c o e f f i c i e r t  may be  o b t a i n e d  by moving t h e  
h i n g e  a x i s  back t o  a  p o s i t i o n  o f  overba lance  and then  ae- 
f l e e t i n g  t h e  t a b  t o  p r o v i d e  unba lance .  
V a r i a t i o n  of a ch / aa  and a ~ ~ ~ / a 6 ~  w i t h  A i l e r o n  Balance  
The e f f e c t  of b a l a n c e  v a r i a t i o n  upon t h e  s l o p e s  of 
t h e  hinge-moment-coeff i c i e n *  c u r v e s ,  a C h / a ~ ~  and 
ach/aa,  a r e  shown i n  f i g u r e  13.  The va lues  o f  ach/atja 
were computed from t h e  t e s t  p o i n t s  a t  6, o f  5' and -5' % 
a t  a = 0; s l i g h t l y  d i f f e r e n t  v a l u e s  would have been ob- 
t a i n e d  i f  a d i f f e r e n t  r ange  o r  ang l e  of a t t a c k  had been 
considered.  The v a l u e s  of ach/Ba were conputed f r o n  
t e s t  r e s u l t s  a t  a o f  approximately  0' and 10' f o r  ' 
S a  0'. Although t h e  t r e n d  of ach/atja i s  about a s  was 
exgec ted ,  t h e  v a r i a t i o n  o f  a C h / a a  wi th  ba l ance  i s  much 
l e s s  t han  w a s  expected,  probably  because t h e  h inge  loca- 
t i o n  was v a r i e d  as w e l l  a s  t h e  pe rcen t  Balance,  It i s  
thought t h a t  i f  t h e  a i l e r o n  chord had been mainta ined con- 
s t a n t  and only  t h e  ba l ance  had been v a r i e d ,  t h e  numerical  
magnitude o f  aob/ba would have decreased more r a p i d l y  
with i n c r e a s i n g  ba l ance  t han  i s  shown i n  f i g u r e  13. 
The p o i n t s  f o r  20 pe rcen t  ba l ance  ( f i g .  1 3 )  were 03- 
t a i n e d  f r o m  t e s t s  of t h e  43.8-percent-balance a i l e r o n  wi th  
s e a l  complete ly  removed. I t  was reasoned- t h a t ,  with t h e  
s e a l  complete ly  removed, t h e r e  would be no p r e s s u r e  d i f -  
f e r e n c e  between t h e  upper and lower s u r f a c e s  o f  t h e  a i l e r -  
on nose, The nose would, t h o r e f o r e ,  c o n t r i b u t e  E O  h inge  
moment and t h e  hinge--moment c h a r a c t e r i s t i c s  wou-ld be t h e  
same a s  i f  t h e  a i l e r o n  had a s e m i c i r c u l a r  nose ,  s e a l e d  o r  
unsea led .  R s e m i c i r c u l a r  nose would have an  o v e ~ h a n g  or  
balance of about h a l f  t h e  a i r f o i l  t h i c k n e s s  a t  t h e  h inge  
( f o r  t h i s  p a r t i c u l a r  a i l e r o n ,  0 ,20ca) ,  B$ t h i s  l i n e  of 
r ea son ing  i t  fo l lows  t h a t  an i n t e r n a l l y  balanced a i l e r o n  
wi th  a l a r g e  u n s e ~ l e d  c l ea rance  a t  i t s  nose w i l l  have t h e  
same hinge-moment c h a r a c t e r i s t i c s  r e g a r d l e s s  of i t s  over- 
hang and t h a t  an a i l e r o n  wi th  a nose  overhang of l e s s  t h a n  
h a l f  t h e  a i r f o i l  t h i c k n e s s  a t  t h e  h inge ,  i f  s e a l e d ,  w i l l  
p rov ide  n e g a t i v e  ba lance  r e l a t i v e  t o  a somic i r cu l a r  .nose ,  
I t  i s  evident  f r o m  t h i s  d i s c u s s i o n ,  which i s  suppor ted 
by unpubl i shea  t e s t  r e s u l t s ,  t h a t ,  a s  t h e  t h i ~ k n e s s  of a i ~  
f o i l s  i s  i nc rea sed  nea r  t h e  t r a i l i n g  edge, t h e  amount of 
. balance o r  overhang o f  t h e  o o n t r o l  s u r f a c e  must a l s o  be 
i nc rea sed  i f  t h e  same ba lanc ing  a c t i o n  i s  t o  be maintained.  
It i s  a l s o  e v i d e n t  t h a t  t h e  e f f e c t i v e n e s s  o f  a n  i n t e r n a l  
ba lance  i s  ve ry  dependent upon t h e  amount of l eakage  p a s t  
t h e  s e a l .  I n  mang a p p l i c a t i o n s  i t  nzay be' found convenf en% 
t o  a d j u s t  t h e  st ick-f  o r ce  c h a , r a c t e r i s t i c s  by changing t h e  
l eakage  a r e a  a s ,  f o r  example, by t h e  i n s e r t i o n  of grommets 
i n  t h e  s e a l .  Some l e a k a g e ,  noreover ,  w i l l  p ro6ab ly  be 
neces sa ry  t o  permit  d r a inage  o f  wa te r ,  The e f f e c t  of re-  
nova1 of t h e  s e a l  upon t h e  rolling-moment c o e f f i c i e n t  of 
t h e  small-balance a i l e r o n  i s  shown t o  be a p p r e c i a b l e  i n  
f i g u r e  7'. These d a t a  a l s o  show t h a t ,  f o r  smal l  l eakage  t h e  
l o s s  i n  rolling-moment c o e f f i c i e n t  i s  small. 
A i l e ron  wi th  Extended Tip 
Tho c h a r a c t e r i s t i c s  of t h e  a i l e r o n  extendea t o  t h e  
wing t i p  wi th  0 . 5 6 3 ~ ~  balance a r e  p r e sen t ed  i n  f i g u r e s  1 4  
and 15. R e s u l t s  f o r  t h e  t a b  n e u t r a l  cond i t i on  a t  s e v e r a l  
l i f t  c o e f f i c i e n t s  a r e  g iven  i n  f i g u r e  14. The e f f e c t  of 
t a b  d e f l e c t i o n  i s  shown i n  f i g u r e  15.  
Conparison of f i g u r e  14  wi th  f i g u r e  8 shows t h a t  t h e  
a i l e r o n  with extended t i p  gave a g r e a t e r  ro l l ing-nonent  
c o e f f i c i e n t  pe r  degree  of a i l e r o n  d e f l e c t i o n  t han  d id  t b e  
a i l e r o n  of g r e a t e r  chord but s h o r t e r  span. 
Conputat i o n  of Aileron-Control  Character  i s t i e s  f o r  
She Ai rp lane  
Ai leron-control  c h a r a c t e r i s t i c s  f o r  t h e  a i r p l a n e  com- 
puted from f i g u r e s ' l 4  and 15 a r e  p re sen t ed  i n  f i g u r e  16.  
I n  t h e  computations t h e  fo l l owing  cha rac t e r  i s t i c s  were 
a s  sume?~: 
w/S = 33.68 pounds 9 e r  squa re  f o o t  
C z p  == 0.55 
Maximum s t i c k  t r a v e l ,  ~ 7 . 5  inches  
0 Waximum a i l e r o n  d e f l e c t  i o n ,  f 1 4  
The hinge-moment and rolling-monent c o e f f i c i e n t s  used  
i n  t h e  conputa t ions  were ob ta ined  f r o n  c r o s s  p l o t s  of t h e  
a i l e r o n  c h a r a c t e r  is t  i c s  a g a i n s t  a n g l e  of a t t a c k ,  and ac- 
count was t aken  of t h e  e f f e c t  of change i n  a n g l e  of a t t a c k  
over t h e  a i l e r o n  p o r t i o n  of t h e  wing due t o  r o l l i n g  veloc- 
i t y .  For t h e  c a l c u l a t i o n s  a  s t r a i g h t  l i n e  v a r i a t i o n  of 
a i l e r o n  d e f l e c t i o n  wi th  s f i c k  t r a v e l  was assumed. 
The v a l u e  of C = 0.55 - was conputed f ~ o m  t h e  r a t e s  
of r o l l  of t h e  a i r p l a n e  i n  f l i g h t  and t h e  v a l u e s  of C t t  
from wind-tunnel t e s t s  of t h e  a i l e r o n  with 0 , 4 3 8 ~ ~  ba lance  
( f i g ,  8 ) ,  This a i l e r o n  was s i m i l a r  t o  Ohe a i l e r o n s  on 
t h e  a i r p l a n e .  That i s ,  
Cz' (from wind t u n n e l )  c = -  
'p pb/2V (from f l i g h t )  
Although t h e  damping coeff  i c i e n t  C zp dec reases  near t h e  
s t a l l ,  t h e  v a l u e  of 0.55, which i s  t h e  average of deteyini- 
n a t i o n s  a t  l i f t  c o e f f i c i e n t s  of 0.30 and 0.46, -was used i n  
t h e  computations of a l l  t h e  c h a r a c t e r i s t i c s  of f i g u r e  16.  
The u s e  of an a d j u s t e d  damping c o e f f i c i e n t  i n  t h e  computa- 
t i o n  of r a t e s  of r o l l  from wind-tunnel d a t a  i s  thought t o  
c o r r e c t  f o r  d i f f e r e n c e s  between t h e  wind-tunnel and f l i g h t  
condif ions .  
The a i l e r o n s  wi thout  t a b s  a r e  s l i g h t l y  overbalanced 
a t  l o w  d e f l e c t i o n s  because of t h e  h igh  va lue  of ach/aa 
r e l a t i v e  t o  aCh/at3, .  It 2 s  p robab le  t h a t ,  by u s e  of a 
s p r i n g  t o  ob t a in  proper  a i l e r o n  f e e l ,  such an arrangement 
would be s a t i s f a c t o r y .  The hinge-moment c o e f f i c i e n t  of 
each a i l e r o n ,  i t  must be remembered, i s  t h a t  corresponding 
t o  t h e  l o c a l  ang le  of a t t a c k  a t  t h e  a i l e r o n  du r ing  r o l l  a t  
p b / 2 ~  of c ~ *  / C z  , where C g '  i s  t h e  unco r rec t ed  r o l l i n g -  
moment coeff  i c i eng  from wind-tunnel r e s u l t s  ( f i g .  14 )  and 
i s  t h e  ad jus t ed  damping c o e f f i c i e n t ,  
In  o rder  t o  make t h e  system s t a b l e  i n  a l l  f l i g h t  con- 
d i t  i ons ,  an unbalancing t a b  d e f l e c t i o n  of 6 t  /6, = 1 was 
a s s w e d .  (See f i g .  1 6 ( b ) . )  From t h e s o ~ r e s u l t s  i t  ap- 
peared t h a t  t h e  maximum s t i c k  f o r c e s  n igh t  be reduced 
soaewhat without overbalancing i n  any cond i t i on  if a  s n a l l -  
e r  t a b  o r  a lower t a b d e f l e c t i o n  was used.  
Because t h e  Curt iss-Wright Corporat ion p r e f e r r e d  t o  
reduce t h e  span r a t h e r  t han  t h e  d e f l e c t i o n ,  a 0 . 2 6 ~ ~  t a b  
of one-third t h e  span of t h e  o r i g i n a l  a i l e r o n  ( b a  = 36.7'5 
i n .  - on t h e  node l )  was assumed. (See  f i g .  17.  ) I t  was 
es t imated  f r o n  t h e  d a t a  of f i g u r e s  11 and 1 2  t h a t  t h e  as- 
s u e d  t a b  would be h a l f  a s  e f f a c t i v e  a s  t h e  t e s t e d  t a b .  
The conput ed r o l l i n g  c h a r a c t e r i s t i c s  of t h e  a i r p l a n e  
equipped wi th  t h i s  assumed t a b  l i n k e d  f o r  s t /6 ,  = 1 a r e  
given i n  f i g u r e  1 6 ( c ) ,  
In f i g u r e  16( d )  a r e  p re sen ted  o s t  imat ect charac t  e r i s -  
t i c s  f o r  t h e  a i r p l a n e  equipped wi th  t h e  a i l e r o n  assumed 
En t h e  conputa t ions  of f i g u r e  1 6 ( c ) ,  but wi th  t h e  overhang 
o r  ba lance  increased  t o  0 . 6 0 ~ ~ .  (See  f i g .  1 7 ,  ) IChere was 
no change of a i l e r o n  s i z e ,  t a b  s i z e ,  o r  l i nkages .  I t  was 
es t imated  f r o n  f i g u r e  13 t h a t  t h e  e f f e c t  of t h e  i nc rease  
i n  balance was t o  i n c r e a s e ,  i n  t h e  d i r e c t i o n  of overbal- 
ance,  t h e  v a l u e  of a ~ ~ / a ~ ~  by 0.0009. A curve of t h e  
s t i c k  f o r c e  t h a t  would be exper ienced i f  t h e  a i l e r o n  could 
be d e f l e c t e d  without t h e  a i r p l a n e ' s  r o l l i n g  i s  shown on 
f i g u r e  1 6 ( d )  f o r  comparison, 
BE C OMMEUDAQ X ONS 
It i s  recomnended t h a t  t h e  a i l e r o n s  of  t h e  XP-60 a i r -  
p l ane  be made s i m i l a r  t o  t h e  a i l e r o n s  assv~ned i n  t h e  con- 
p u t a t i o n  of f i g u r e  1 6 ( d ) .  (See f i g .  17.) I f  t h e  a i l e r o n s  
a r e  found t o  be overbalanced,  an i n c r e a s e  i n  a r e a '  of leak- 
age p a s t  t h e  s e a l  nay be nade by t h e  ilzsertion of gronnets  
o r  by p r o v i s i o n  of c l ea rance  a t  t h e  ends of t h e  a i l e r o n .  
I f  t h e  s t i c k  f o r c e s  a r e  t o o  h i g h ,  t h e  r a t i o  of t a b  t o  
a i l e r o n  motion may be reduced. In  t h e  i n i t i a l  des ign ,  
however, i t  i s  recomnended t h a t  t h e  s e a l  be made a5 effec-  
t i v e  as p o s s i b l e ,  
Because of t h e  l o w  aerodynamic s t i c k  f o r c e s  of t h e  
arrangement,  g r e a t  c a r e  should be taken t o  e l i n i n a t e  un- 
necessary  f r i c t i o n  i n  t h e  a i le ron-cont ro l  l i nkage .  
Langl ey Menorial Aeronaut ica l  Laboratory,  
Na t iona l  Advisory Conmitt ee  f o r  Aeronaut ics  , 
Langley F i e l d ,  V a ,  
APPEND XX 
F l i g h t  t e s t s  on t h e  XP-60 a i r p l a n e  have been nade of 
an a i l e r o n  arrangement s i m i l a r  t o  t h a t  recommended i n  t h e  
p re sen t  r e p o r t ,  ( $ e e  r e f e r e a c e  1 . )  The l i n k e d  t a b  was 
found unnecessary and was locked i n  p o s i t i o n .  With t h e  
locked $ab, t h e  s t i c k  f o r c e  a t  an i n d i c a t e d  a i r speed  of 
268 mi l e s  p e r  hour wi th  a  t o t a l  a i l e r o n  d e f l e c t i o n  of 28' 
was 37 pounds, which was cons iderab ly  g r e a t e r  t han  would 
have been es t imated  f o r  t hose  cond i t i ons ,  Phe d i sc repancy  
could have been due t o  t h o  d i f f e r e n c e  i n  s c a l e ,  v e l a c i t y ,  
o r  turbulence, or  t o  d i f f e r e n c e s  i n  t h e  d e t a i l s  of con- 
s t r u c t i o n .  The l a r g e  e f f e c t  of l eakage  on t h e  hinge- 
moment h a s  been shown Il'n t h e  p r e s e n t  r e p o r t .  More r e c e n t  
wind-tunnel t e s t s  have i n d i c a t e d  t h a t  t h e  alinemenk of 
t h e  ba lance  covor p l a t e s  a l s o  has  a  Large e f f e c t  upon t h e  
hinge--moment c h a r a c t e r i s t i c s .  
P i l o t s  have been ve ry  f avo rab ly  impressed by t h e  
c h a r a c t e r i s t i c s  o f  t h e  XP-60 a i l e r o n s ,  and t h e  r e s u l t s  of 
t h e  f l i g h t  t e s t s  were summarized i n  r e f e r e n c e  1 as follows: 
"!the r e s u l t s  show t h a t  l i g h t  and e f f e c t i v e  a i l e r o n  
c o n t r o l  was obta ined.  without evidence of overBalance or  
u n d e s i r a b l e  shaking of t h e  c o n t r o l  system a t  any p a r t  of 
t h e  d e f l e c t  ion  range wi th in  t h e  l e v e l - f l i g h t  speed range." 
1. G i l r u t h ,  X. R .  : F l i g h t  Tes t s  o f  I n t e r n a l l y  Balanced, 
Sea l ed  Ai le rons  o n  t he  Curtiss XP-60 A5rplane. 
NACA C.B., J u l y  1942, 
2. Wonzinger, Carl  J., acd H a r r i s ,  Thomas A. : Wind- 
Tunnel I n v e s t i g a t i o n  of an N,h* Cod. 23012 A i r f o i l  
wi th  Various Arrangements o f  S l o t t e d  F l aps .  Bep. 
80. 664, NACA, 1939. 

(a) Three-quarter front view; flap removed; turned-up tip. 
(b) Three-quarter rear vie!; flap removed; turned-up tip. 
( c )  Three-qwter fzont view; flap, 45'; eymmetrical %%pa 
- .  . .  
(a) Three-qwter pear view! flap, 45'; symmetrical tip. 
Figure 2a to d,- 8emnafept1.n of the 0.36-scale model of the eurtfse XP-60 wing iba %Be 




NACA Figs. 4,17 
Final aileron planform 
43.8 % h i ,  56.3 X Bal. 68.8 %Bal. 
Section 'IB-1B 
FIGURE 4 - -Ailerohs of 0.36-scale wing model O f  Curtiss X P - 6 0  airplane 
a5 tested in t h e  NACA 7- by IO-foot wind tunpel. 
section A-A Section BIB 
FIGURE 17. - Recommended aileron for Curtiss XP-6'0 airplane. 
trft coeff~oetnt, C L 
FI' u r e . d . -  Li f t  dnd drag  coef f ic ients  o f  o.ec scale model 
o 9 Cuvtiss X P- 60 wing; not c o ~ r e c t e d  for  effects o f  
support. s t r u t  OY i n b o a r d  e r d  tveatment 
Aileron deFlectlon, 6d, deq 
Figuye 6 ..- Characteristics of' l e f t  alleyon with o.ms ck, 
balance; &,36.7s i n c h e s  'Results f rom 7-  by to-and 19-f oof 
tunnels; alleyon n o t  sealed at ends; 0.36-scale model of 
G u - ~ t i s s  'XP-60 wing, 6+ = 0'. 
A~leron deflection , 6,a ,deg 
Figure 6 - Conelude& . 
BAOA Fig. 7a 
A1 Ieron ~ e f l e c ~ i o n , S q  .,deg 
Figure 7. - C h ~ a c + e ~ i s t i c s  of  l e f t  alleyon with 0.4-38 C ,  
balancq ba,36.7s inches E f f e c t  o f  leaKage on Chand C i  ; 
0.36 scale model o f  Gurtiss XP-60 wing. Sf= 0 O  
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2 - -.a= - 
0 nr 
- .of 
- 30 - 20 -10 0 10 20 30 40 50 
A \  leron def \ e c t ~ o n ,  6 , deg 
Figuve 71 - Concl uded.. 
& s 





- 30 - 2 0  - 10 0 10 2 0  30 40 
Aibron daflection, Sa , deq 
Figvve '6 .- Chc~vactevist ics o f  l e f t  ailevon with o.+3e C+ 
balance; ba,36.75' imc hes. Chavactevistics o f  aHevon wtth 
nose a m d  ends o f  ba lance sealed; 0.36-soale model o f  
C v v t i s s  XP-60 wina. 6g=Oo 
-C 
0 
. I  




- 30 -20 -10 0 I0  50 30 
A.ileron deflectiom, 6cr., deg 
Figuve Q.-Chauactevistics oP aileron with 0.563 C+ 
balance; ba. ,~~ .75  inches;o.aacscale m o d e l  of G U Y ~ I S S  
XP-60 wlng. 69 = 0'
HACA 
'- 30 -20 ' -I 0 0 10 20 80 40 
AI I eron d e f  I ec+ton, 8a ,deg 
Figuve 'I 0,-Chavactevistics of a i l e v o n  with ~ 6 a 8  ca
balance; ba, 36.75 i n c h e s .  Tab n e v t v a l ;  0.36-scale m o d e l  
of C u r t i s s  XP-6C)wing. bfa09 
EBGINEEMING DEPT, LIBRARY 
Chanoe Voughe Alkeraf$ 
8tratfsrd, G o m e a t i ~ u t  
A ~ l e r o n  d e f l e c t ; o n ,  60 , deg 
Figure 11; C h a r a c t e r i s t i c s  of aileron with 0 . 6 s ~  c, 
balance; ba,36.75 inches. 0.- c a  tab d e f l e c t e d  along 
full ail evon s p a n ;  0.36 scale model o f  Cvvt iss XP- 60 wing , 
6 ~ 4  O 0  
-30 -ao -10 o 10 ao 30 40 
t % i  leron deflection, 6,,de3 
Figure i 1.-Concluded . 
- 3 0  - 20 - I  0 0 10 20 30 4 0  50  
At leton dzf  l e ct I on, SQ , d eq 
. Figuve 12.-Charczcteristics of a t levon with 0.668 ca 
balance; bm,36.75 inches.  0.26 ca tab deflected along 
half alleyon span;o.36 scale  model o f  C u ~ t i s s  XP-60 wing; C L = . 0 2 2 .  
Sf=OO 
A~leron -balancq In percent ca 
FigwreIJrEffeot of b a l a n c e  upon slopes of h~nge-moment coef f~c len t  
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-30 -20 -10 0 10 2 0  30 40 
Aileron de-f lection, s, ,deg 
Figure 14.--~oncluded. - ,  

SAGA Fig. 15b 
-30 -20 - 1  0 0 ' 10 20 30 40 
A i l  eron def l ec-ti on, 8a , deg 








-30 -20 -10 0 10 a0 30 40 
Ai le ron  d e f  lectio-n, 6, ,deg 
F iguv e /.%- .Conl'/nded. ' 



